Abstract. The epidemiology of Helicobacter pylori infection and risk factors associated with its transmission are not well understood. Kazakhstan is country with two ethnic groups, Asian (Kazakhs) and Western (Russians), living under similar socioeconomic conditions. The aim of this study was to examine the seroepidemiologic pattern of H. pylori and hepatitis A among the same individuals from both ethnic groups, with emphasis on water source and household sanitation practices. This was a cross-sectional seroepidemiologic study conducted among unrelated healthy individuals in Kazakhstan. From May through August 1999, individuals between the ages of 10 and 60 years from Almaty, Kazakhstan, were invited to participate. Demographic information, socioeconomic factors, living conditions, and various aspects of the local household environment including access to water were collected. A clean water index (CWI) was created based on combined factors, consistency of boiling water before drinking, frequency of storing and reusing water, and frequency of bathing and showering. H. pylori and hepatitis A antibodies were assessed by enzyme-linked immunosorbent assay. Two hundred eighty-eight individuals between the ages of 10 and 60 years participated. The prevalence of H. pylori infection was almost identical among the two ethnic groups (Russians 79% and Kazakhs 80%). H. pylori infection was inversely correlated with the CWI (i.e., 56%, 79%, and 95% for high, middle, and low, respectively (P < .05). Drinking river water had highest risk of H. pylori infection (OR ‫ס‬ 13.6, 95% CI ‫ס‬ 1.8-102.4; P < .01, compared with tap water). Crowding showed no significant effect on H. pylori prevalence. Anti-HAV antibodies were found in 86% of the population, 90% among the Russians versus 82% among the Kazakhs (OR ‫ס‬ 1.8, 95% CI ‫ס‬ 1.1-3.8, P ‫ס‬ .05). Although the two infections were highly correlated (P < .001), antibody to both infections were present simultaneously in only 74%. The prevalence of H. pylori infection in Kazakhstan is very high. The data suggest that transmission of H. pylori can be water borne, related to poor sanitary practices, or both. The high prevalence of antibodies to H. pylori and HAV among this population is a marker for poor sanitation and hygienic practices. Reducing the rate of H. pylori transmission will require improvements in overall sanitation including clean water, waste disposal, as well as in household hygienic practices.
INTRODUCTION
Helicobacter pylori infection has been etiologically associated with gastritis and the gastritis-associated diseases, peptic ulcer, gastric adenocarcinoma, and primary gastric lymphoma. 1 The prevalence of H. pylori infection varies both among and within populations and is inversely related to standards of living and sanitary practice. 2 The increased risk of acquisition of the infection is especially high among those living in developing countries. [3] [4] [5] [6] [7] The risk is multifactorial that may include interaction with potentially contaminated environmental sources as local drinking water, swimming in rivers, and the ingestion of fecally contaminated vegetables have all been reported as risk factors for the acquisition of H. pylori infection. [8] [9] [10] [11] [12] [13] [14] In addition, H. pylori has been reported to be able to survive in water. 15, 16 In Kazakhstan, the morbidity and mortality associated with complications of gastrointestinal diseases is high with gastric cancer being the second leading cause of cancer death. 17 Kazakhstan is a large country with a dry harsh climate that is very cold in the winter and hot in the summer. In many villages, water is obtained from shallow wells. 18 Because of the harsh climate, these wells are typically placed near the house and the outdoor toilet. It is also unusual for the walls of these wells to be sealed above the surface to prevent pollution from the surface.
Kazakhstan has two major ethnic groups, one Asian in origin, Kazakhs (who trace their origins back to Gengus Khan) and the other Western, ethnic Russians. Each constitutes approximately 40% of the population. The fact that different ethnic groups share similar living and socioeconomic conditions in a region with a high rate of gastric cancer provided an opportunity to investigate H. pylori infection in these communities. We conducted a cross-sectional study in Kazakhstan to examine the epidemiology and the risk factors of H. pylori infection with particular emphasis on the possible relation of H. pylori infection with water source and household sanitation practices.
MATERIALS AND METHODS

Study population.
A cross-sectional seroepidemiologic study was carried out among unrelated Russian or Kazakh individuals born in Kazakhstan. The study population consisted primarily of adults who visited Almaty City Emergency Hospital in Almaty, Kazakhstan (one of the Hospital Affiliations of Kazakh State Medical University) for routine health examinations. In addition, individuals responding to flyers describing the study were also included. Individuals with upper gastrointestinal tract symptoms, current clinical evidence or history of peptic ulcer disease, gastric cancer, gastrointestinal surgery within 2 months prior to the visit were excluded. Those who used antacids, antibiotics, or H 2 -receptor antagonists were also excluded. Qualifying individuals were invited to participate and the overall response was 90%. The study started in May 1999 and ended in August 1999. Informed consent was obtained from all human adult participants and from participants, minors as well as from their parents or legal guardians. An attempt was made to obtain an equal number of volunteers per decade from each of the two major ethnic groups.
Questionnaire. A trained physician interviewed each volunteer and completed a detailed questionnaire. The indi-viduals were questioned regarding the presence and the frequency of symptoms referable to the upper gastrointestinal tract including indigestion, heartburn, and sour stomach. Demographic data focused on the environment during the subject's childhood and included social and economic data (parent's education and occupation, family income) as well as living conditions (type of dwelling, number of rooms, number of persons residing in the home).
Household hygiene questions concerned the water source used for drinking, cooking, and bathing (i.e., tap, well, or river), excreta disposal facilities (indoors or outdoors), and other sanitation practices. When the water supply was a well or river, questions were asked regarding the distance to the water source, the type of container used to transport the water (e.g., metal or plastic), and whether the container was covered or uncovered during delivery and storage. The data about frequency and volume per delivery and the number of family members were used to estimate the volume of water available per person per day. Sanitation practices questions included details about frequency of bathing in the summer and winter, reuse of water, swimming in rivers, and boiling of water before drinking. We also assessed the level of exposure to fecal material in relation to the type of toilet.
Serologic Methods. Each volunteer provided a blood sample. Sera were stored at −20 C until analyzed. Evaluation of IgG antibody to the high-molecular-weight cell-associated proteins of H. pylori was determined using a wellcharacterized enzyme-linked immunosorbent assay (HM-CAP IgG ELISA, Enteric Products, Inc.; Stonybrook, N.Y. Serum samples also were tested by enzyme immunoassay for the qualitative detection of total antibody to hepatitis A virus (HAVAB EIA, Abbott Laboratories, Diagnostic Division; Abbott Park Ill.). The interpretation of the results was done according to the manufacturer's instructions.
Methods of Analysis. A clean water index (CWI) was created on the basis of household sanitation practices related to water use. Categorization was based on a combination of three factors (consistency of boiling water before drinking, frequency of restoring and reusing water, and frequency of bathing and showering) ( Table 1) . Three levels were identified ranging from high to low. Water volume used/ household/week was calculated by multiplying the total number of liters delivered each time. As indicated previously, this took into account the number of members comprising a household.
The density or crowding in the home was assessed using a crowding index defined as the total number of family members in the home divided by the total number of rooms in the home. The crowding index was scored as low (scores 0-1), moderate (scores 2-3), or high (score > 3).
Categorization of socioeconomic class was based on the occupation and education of parents using a modification of the Hollingshead index. 19 Four educational levels and five occupational categories were used to identify socioeconomic conditions. Three socioeconomic statuses were identified: upper, middle, and lower. The scale was applied to determine the socioeconomic status of adults as well as the children's parents.
The Mantel-Haenszel X 2 test was used to assess the associations between each independent factor of the study and the prevalence of H. pylori infection. Univariate and multivariate analyses, ORs, and 95% CI were calculated for H. pylori seropositivity associated with the study variables. Risk factors that were significant in the univariate analysis were used in the multiple logistic regression models. These models help to assess the relative importance of H. pylori risk factors while controlling for other risk factors. The data were analyzed by using the SAS program (SAS Institute; Cary, N. Car.).
RESULTS
Prevalence of H. pylori infection.
A total of 288 volunteers (233 adults and 55 adolescents and children) participated in the study (Table 2 ). Adults ranged in age from 20 to > 60 years and children or adolescents from 10 to 19 years. The overall prevalence of H. pylori seropositivity was 86% among adults and 64% among children. By age 20, H. pylori seropositivity was 77% increasing to 100% at ages 60 and older. There was no significant difference in the overall prevalence of H. pylori infection between males and females (P > .5) or between the Russians and Kazakhs (P > .5) (Figure 1) . Those who grew up in villages had a higher prevalence of H. pylori infection than those who grew up in a city (86%. versus 67%, P < .05) (OR ‫ס‬ 3.1, 95% CI ‫ס‬ 1.7-5.5) ( Table 2) .
Effect of water source and water-related variables on H. pylori infection. The prevalence of H. pylori infection was inversely correlated with the CWI. The infection was significantly lower among subjects with the highest CWI (56%) compared with those with middle (79%) or low (95%) CWI (P < .05). When the population was stratified by the place of residence, the general pattern remained among people residing in cities. Among those living in the villages, the prevalence of H. pylori was significantly higher among people with the lowest CWI (95%) than among those with middle (80%) or high (79%) CWI (P < .01). (Table 3 ).
The source of drinking water had a strong effect on the prevalence of H. pylori infection. The prevalence of infection among river water drinkers was 97% compared with 71% among those who drank tap water (OR ‫ס‬ 13.6; 95% CI ‫ס‬ Table 2 ). Therefore, we examined the effect of the source of drinking water on the frequency of H. pylori antibodies in relation to the CWI (Table 4 ). While the trend of H. pylori prevalence in relation to the three categories of the CWI was consistent among those who drank tap or well water, the rate of infection was high among river water users irrespective of the CWI category. The volume of water delivered per household did not have any effect on the prevalence of H. pylori infection. Boiling water is a method of disinfection used in many developing countries and also a marker of household hygienic practices. In cities, the prevalence of H. pylori among those who used tap water and consistently boiled water before drinking was markedly less (38%) than among those who sometimes (73%), or never (91%) boiled water P ‫ס‬ < .001). Swimming in rivers was also a risk factor: 86% (143/166) of those who often swam in rivers were H. pylori infected compared with 67% (65/97) of those who sometimes or never swam in rivers (P < .001). The difference in H. pylori prevalence in relation to swimming remained significant even after adjusting for socioeconomic status.
Household sanitary and socioeconomic indicators in relation to the prevalence of H. pylori infection. The crowding index showed no significant effect on the prevalence of H. pylori infection among the populations studied ( Table 2) . The relationship of H. pylori prevalence to the use of an outdoor or indoor toilet was examined as an indicator of household sanitation practices. H. pylori infection was significantly more common among those who used outdoor facilities compared with those who used indoor facilities (crude OR ‫ס‬ 4.5; 95% CI ‫ס‬ 2.3-8.7). The magnitude of the OR was not reduced by adjustment for age and socioeconomic variables.
H. pylori prevalence was inversely correlated to socioeconomic status. Those living in a household in which the educational and occupational levels were low had a higher rate of H. pylori infection (90%) compared with those from an upper socioeconomic group (69%) (P < .001). That difference remained significant after adjusting for age. The associations Figure 2 . The lowest prevalence of H. pylori infection was found in persons from the upper socioeconomic group who had high CWI (39%). However, even within the upper socioeconomic group there was an inverse relationship between H. pylori positivity and the CWI (39%, 77%, and 87% for those with high, middle, and low CWI, respectively) (P < .001). Hepatitis A serology. Overall, anti-HAV was found in 86% of the population, 90% among the Russians versus 82% among the Kazakhs (OR ‫ס‬ 1.8, 95% CI ‫ס‬ 1.1-3.8, P ‫ס‬ .05). Although the two infections were highly correlated (P < .001), antibody to both infections were present simultaneously in only 74% (95% CI ‫ס‬ 68-78%) consistent with the concept that the prevalence of either infection reflects the general level of sanitation.
DISCUSSION
This is the first study to report the epidemiology of H. pylori in the newly independent republic of Kazakhstan (a former part of the Soviet Union). The prevalence of H. pylori infection was high and did not differ between the two major ethnic groups, Kazakhs and Russians. One of the most marked findings of the study was the association between the prevalence of H. pylori infection and the water use (e.g., CWI). The CWI provides a simple measure of household hygiene. For example, those individuals who consistently boiled water before drinking and who frequently bathed and never reused water, had the lowest prevalence of H. pylori. Socioeconomic status is often a surrogate marker for the level of sanitary and hygienic practices, and it is a major variable that frequently correlates with the variation in the prevalence of H. pylori infection between different races and ethnic groups. However, in Kazakhstan socioeconomic levels do not differ markedly and other measures of household hygiene, such as the CWI, provide a better estimate of the risk of acquiring H. pylori infections. Although there was an inverse association between socioeconomic status and H. pylori infection in the current study, socioeconomic status appeared to be less important than the CWI. This finding is consistent with a study from Peru that reported that water source was more important than socioeconomic status for H. pylori acquisition.
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Excreta disposal is another factor related to household hygiene. We found that 91% of those who used outdoor facilities were H. pylori infected compared with 69% of those with indoor toilets (OR ‫ס‬ 4.5; 95% CI ‫ס‬ 2.3-8.7). Although indoor toilet facilities for adults may be available in many provincial villages in Kazakhstan, the feces of infants may be disposed in the environment near the home (i.e., in places readily accessible to animals or children). It has been noted previously that the presence of fecal material near the home is a risk factor for diarrheal disease. 20 It is also possible that good household hygienic practices are compromised in Kazakhstan villages where the inhabitants must use outdoor facilities in subzero weather.
Crowding is another indirect measure of household hygiene. Although crowding has been reported to be an important risk factor for H. pylori acquisition, [21] [22] [23] [24] [25] [26] we did not demonstrate that effect in our study. This is consistent with the notion that the most important factors influencing transmission of an infection may differ among ethnic groups and cultures due to differences of the household hygiene practices.
Another major finding of the current study is the higher prevalence of H. pylori infection among those who used river water or well water for drinking compared with those who used tap water. The prevalence of H. pylori infection among those who used river water as the source of their drinking water was consistently high regardless of socioeconomic status. While studies from the United States, Canada, Japan, and Sweden have suggested that H. pylori may be present in surface or groundwater, 13, 14, 27, 28 there was no association found between H. pylori prevalence and water source, possibly because of high quality of water treatment. [29] [30] [31] For example, the study from Bangladesh found no association between H. pylori prevalence and the use of tube wells, which had been previously linked to diarrheal disease. 32 In that population, H. pylori infection was very common before aged 2 and was associated with the Hindus ethnic group. This is consistent with the notion that different populations may have different specific behaviors that compromise household hygiene and promote transmission of H. pylori infection. A number of previous studies have reported an association between water source and H. pylori infection, which is consistent with our findings. In another example, a study from Ethiopia reported a high prevalence of H. pylori among those who used well water compared with those that use river or piped water. 33 Shallow wells are known to be vulnerable to contamination especially if there is improper sealing of the well near the surface. Even in the United States, 42% of private wells have been reported to be contaminated by bacteria as shown by an increase in coliform bacteria. 34 Swimming in rivers was also found as a significant risk factor for H. pylori acquisition irrespective of whether the river was the primary source of drinking water. A study from Colombia also reported that swimming in rivers was associated with a high prevalence of H. pylori infection. 9 It was reported that changes in the epidemiology of H. pylori follow the same time trends as that of hepatitis A and polio 35 and that both may reflect changes in the general level of sanitation. We subsequently showed that there was a general relation between the prevalence of anti-HAV and H. pylori, which was consistent with this hypothesis. 4 However, significant differences in the patterns of transmission between the two infections make it difficult to actually test that hypothesis directly. 36 Nonetheless, if HAV and H. pylori were acquired from a common source, one would expect a high proportion (e.g., at least 90%) of both infections among the same individuals. The results from our current study show that the age-specific prevalence of the two infections are parallel which is consistent with the notion that both infections are epidemiologic markers for poor sanitation and hygiene practices. Only 74% of the population studied had concordant infections, which indicate that a common source or single mode of transmission for the two infections is unlikely. This conclusion is consistent with results obtained among children from border communities between Mexico and the United States where the moderate association originally observed between these two infections was weakened after adjustment for age and socioeconomic status. 37 In Italy, the seroprevalences of HAV and H. pylori infections were analyzed in relation to a number of variables (e.g., density of living, number of siblings, sharing a bed, and other socioeconomic indicators), and the authors were not able to find any risk factors shared by both infections. 38 In summary, our data suggest that transmission of H. pylori is largely opportunistic such that it can result from any route that can deliver the bacterium to the stomach. Enteric infection related to water can be either water borne (such as cholera) or related to poor sanitary practices (water washed). The data suggest that H. pylori can be transmitted either way, and that to reduce the rate of transmission, an improvement in overall sanitation will be required including clean water, waste disposal, and household hygienic practices.
